Summary
The design and application of a simple capsule administration tube for miniature capsules are described. Experiments with rats have shown that the tube is capable of depositing capsules at the distal end of the oesophagus. Regardless of the location of the capsule in the oesophagus, provided normal peristaltic action occurs, the capsule will have reached the stomach and discharged its contents within 10 min. After a short training period of 3-4 days the insertion of the tube does not appear to cause the rats undue discomfort, nor does it cause tissue damage. The procedure, which can be performed rapidly by 1 technician, is ideally suited for dispensing solid materials to fully conscious animals.
During the course of pharmacological investigations it is often necessary to administer drugs to animals orally in solid form. This is usually achieved by packing the drug in a gelatin capsule and placing this in the oesophagus or stomach of the animal with a stomach tube, balling gun or similar instrument. Whereas this procedure presents relatively few problems, as far as larger animals are concerned, the situation for small laboratory rodents such as rats has been complicated by a lack of sufficiently small capsules. However, miniature capsules ('minicapsules') have recently become commercially available and a method for administering these to rats has been described by Stanislaus, Schneider & Hofrichter, 1979 . Unfortunately, the administration tube described by these authors is only suitable for dispensing minicapsules to sedated animals (ether was used in their study). Although such a brief exposure to an anaesthetic may have no serious side-effects in many pharmacological studies, it is obviously not ideal to stress animals in this manner, particularly if the administration has to be repeated on a regular basis. The use of a parenterally-administered anaesthetic, such as barbiturate, .is also unsuitable since such drugs induce changes in the metabolic capacity of the liver (Conney, 1967) .
In order to treat rats orally with pharmaco-Received 12 August 1982. Accepted 10 September 1982.
logical quantities of water-insoluble steroid hormones daily over a period of several weeks, we designed an administration tube which could be used to dispense minicapsules to fully conscious animals in a manner which would cause the rats minimum discomfort and no damage to the oesophagus or stomach.
Materials and methods
The administration tube comprised a Luer stainless steel needle, external diameter 1'5 mm, shaft length 11'5 em, fitted with a stainless steel cone hollowed out to form a cup for the capsule (Fig. 1 ). The dimensions of the cone were: length 13 mm, max. external diameter 3'6 mm, external diameter at orifice 3'1 mm, internal diameter of cup 2'8 mm, depth of cup 7 mm. For liquid expulsion a l-ml disposable syringe containing 0'3 ml water was fitted to the empty, dry tube. For solid injection a 0'75-mm diameter wire was glued to the plunger of a I-ml syringe, which was then fitted to the administration tube and excess wire trimmed down so that it did not protrude from the capsule cup when the plunger was depressed. The loaded minicapsule* should protrude about 1'5 mm out of the cup.
A dummy tube was also constructed for training purposes. It had the same dimensions as the administration tube with the exception that the cone was solid with its tip tapered down to 2·0 mm and the rim ground smooth.
Female Han; SPRD (syn. Sprague-Dawley) rats were obtained from the Zentralinstitut fUr Versuchstierkunde (Hannover, Federal Republic of Germany) and maintained on Altromin 1320 (Altromin GmbH, Lage, Federal Republic of Germany) and water ad libitum unless otherwise stated. The rats used in this study were aged between 50 and 100 days and weighed 190 to 270 g. For the purposes of the administration procedure rats, which till then had been routinely * ELANCOhard gelatine miniature capsules, size 9, and the capsule administration tube described in this paper are obtainable from the ELANCODivisionof Eli Lilly, Societe Chimique Francaise, Zone industrielle, Rue dll Colonel Lilly,67640 Fegersheim,France. picked up by grasping the thorax, were accustomed to being handled by the scruff of the neck and 100se dorsal skin. The following procedure was adopted for administering the minicapsules to fully conscious rats. Animals were trained for 3 to 4 days using the dummy tube before starting the capsule administration.
To insert the administration or dummy tube the rat is restrained by gripping the loose dorsal skin between the palm and last three fingers of the hand. Without releasing the dorsal grip, the skin behind and below the ears is pinched firmly between the thumb and index finger. When the animal is held in this manner it should nof be able to manoeuvre its head. Head and body should be aligned when viewed ventrally; viewed from the side the head is still tipped slightly forwards. With the rat held vertically and facing the operator, the 51 wetted tube is gripped at the base of the shaft, inserted into the inter-dental space and then aligned so that the tip is resting on the roof of the mouth and the shaft on the groove formed between the upper incisors. Using the tube as a lever, the head is tipped back into a vertical position and the tube slid forwards into the oropharynx (Fig. 2) . A drop of water on the tip of the dummy tube or capsule encourages the animal to swallow the tube; it also prevents thinner capsules falling out of the cup. Difficulty in entering the oropharynx may be overcome by rotating the tube gently between the fingers while advancing across the roof of the mouth. Once the tube has entered the oesophagus it may slip down as far as the stomach (located 9-10 em from the muzzle), but our experience has shown that it often lodges in the thoracic curvature. As soon as resistance is encountered the minicapsule is ejected and the tube withdrawn immediately. It is absolutely essential that the animal is firmly gripped during the administration procedure, since any sudden movement may cause perforation of the oesophagus. It is also necessary to administer the capsules quickly, since prolonged exposure to body temperature and fluids causes the capsules to stick to the tube. In order to test the reliability of the administration procedure some animal experiments were performed. First we checked whether the administration tube was long enough to reach the stomach. To accomplish this a small amount of barium sulphate was pumped into the stomachs of rats (killed with Nem butal) in order to provide contrast, the dummy tube inserted to a depth of 12 em, and the animals X-rayed.
To test whether long-term use of the capsule administration tube leads to tissue damage, 10 rats were given minicapsules containing microcrystalline cellulose daily for 10 days (solid ejection). On the 11th day the rats were killed and the oropharynx, oesophagus and stomach dissected out, slit open and examined macroscopically.
Because the administration tube often fails to penetrate the whole length of the oesophagus, it was decided to test how quickly capsules deposited in the oesophagus require to reach the stomach and be digested. 10 animals which had received neither food nor water for the previous 16 h were given minicapsules containing finely ground charcoal. Food and water were then returned; 10 min later the rats were killed and the stomach and oesophagus opened and examined. This experiment was repeated at a later date using liquid expulsion instead of solid ejection as on the first occasion. In this latter experiment rats received only water after the minicapsule administration.
Results and discussion
The administration of capsules represents a convenient method of orally dispensing solid materials to laboratory animals. It avoids the problems of inaccurate dosage encountered when solid materials are administered in the form of a suspension as well as of absorption effects caused by excipients. However as far as small laboratory rodents are concerned some particular problems have been encountered, namely the size of commercially Lax, Militzer & Trauschel available capsules and an appropriate device for their administration. A capsule-feeder for standard gelatin capsules has been described by Shani, Givant & Sulman (1970) . However the capsule cup of this device is in excess of 4 mm (oesophagus diameter = 2 mm ; Hebel & Stromberg, 1976) , and since the capsule was ejected at a depth of 2'5 em, this would mean that it could only have been deposited slightly lower than the oropharynx. Indeed Kraus (1980) has suggested that, when using a similar apparatus originally designed for guineapigs by Nelson & Hoar (1969) , the mouth of the rat should be held shut until the animal has swallowed the capsule. The problem of capsule size has now been overcome by the development of miniature capsules by the Elanco Division of Eli Lilly. The administration of these capsules to sedated rats has been described by Stanislaus et al. (1979) . The great disadvantage of this method is obviously the necessity to stress the animal by sedation with ether. The shaft of the tube described in that publication is too wide to be accepted without resistance and discomfort by fully conscious rats. We are also doubtful as to whether their tube can deposit the minicapsules in the stomach. Our own X-ray photographs show that, although our administration tube reaches the cardiac sphincter, it tends to distend the oesophagus rather than enter the stomach (Fig. 3) . Tube insertion to a depth of 9 -10 cm is sufficient to deposit the capsules at the distal end of the oesophagus.
The tube we have designed can be used to place minicapsules in the oesophagus of fully conscious rats. The capsules are ejected with a plunger or with 0'3 ml water. Using the latter procedure about 0'15 ml water is expelled with the capsule. Liquid expulsion also has the advantage that all components (tube, syringe, water), with the exception of the capsules, can be sterilized before use. Air ejection may also be a feasible method of releasing the capsules. Regardless of how the minicapsules are administered or where they are deposited in the oesophagus, the capsules will have reached the stomach and be almost fully dissolved within 10 min as long as normal peristaltic action occurs during this interval. If food and water have been removed the previous evening, then the rats start to drink again almost as soon as the capsule has been administered and water replaced in the cage. Our investigation on 20 rats (10 solid ejection, 10 liquid) revealed that the minicapsules reached the stomach within 10 min in every case and that they were at least partly digested. In over half the rats digestion was so far advanced that only a gelatin colour smear could be detected. The charcoal that had been released was located mainly in the fundus. Very occasionally capsules are regurgitated, but this occurs immediately after administration and is readily observed.
The successful administration of these miniature capsules depends on the speed and accuracy with which the oropharynx is located and is thus a matter of training for both rats and operator. For this reason we accustom both parties to the procedure for 3-4 days before giving the capsules themselves. Because the miniature capsules are at the present time hand-made they are relatively expensive, and a dummy tube is used for training purposes. It has the additional advantage as far as training is concerned that its shape is more easily swallowed than that of the loaded capsule tube. After the initial training period rats do not seem to be unduly upset by daily capsule administration. The procedure can be performed rapidly by I technician.
Examination of rats which had received capsules daily for 10 days did not reveal any tissue damage.
In one rat, however, a sliver of gelatin had become lodged in the oesophageal epithelium. These animals had been fed ad libitum and this single incident would probably have been avoided if an intermittent feeding schedule had been adopted, since the capsule would have been swallowed immediately. We have been routinely training rats and administering minicapsules in the manner described for several months. During this period only one rat has suffered a perforated oesophagus, and this was during the initial phase of the development of the technique.
